Preparation of AFM probes

Characterization of functionalized probes and substrates
FTIR spectra and contact angles were measured after each step to monitor the probe and substrate modification process. Because these techniques are not applicable to AFM probes, a silicon wafer was modified in parallel with the probes under exactly the same conditions and characterized [1, 2] . Figure S4 : ATR-FTIR spectra of silicon wafer and substrate. (A) Silicon wafer before and after aminofunctionalization; C-H stretching signals were observed at ~2850 cm -1 and ~2925 cm -1 for the latter; (B) Aminowafer before and after alkynylation; alkyne C-H stretching signal at ~3320 cm -1 was observable for the latter; (C) Amino-glass substrate before and after NH 2 -PEG modification; the signal for urea was observed at ~1650 cm -1 .
Infrared spectra were obtained on an Attenuated Total Reflection-Fourier Transform Infrared (ATR-FTIR) spectrometer. In all cases, absorbance spectra display changes in chemical features of the silicon sample and glass sample due to the functionalization process. The spectra shown in Figure S4 were averages of 100 scans obtained at 8 cm -1 resolution. Two peaks (~2850 cm -1 and ~2925 cm -1 ) due to C-H stretch were observed for amino wafer ( Figure S4, A) . After the amino wafer was coupled with 4-pentynoic acid, one peak at ~3320 cm -1 corresponding to a terminal alkyne C-H stretch was observed ( Figure S4, B) . The pegated aminopropylsilane coated glass B C S4 slide contains a urea bond; the signal of carbonyl stretching was observed at ~1650 cm -1 ( Figure  S4 , C).
Contact angles were measured using the sessile droplet method at RT in air. Measurements were repeated three times for each sample and averages are reported. The contact angle of water on the surface decreased sharply from 39.0° (Table 1) for silicon wafer to 16.8° for silicon wafer cleaned with piranha solution. After amino-functionalization, the contact angle changed from 16.8° to 46.5°, which is consistent with data reported in the literature, [3] indicating formation of amino monolayer. Treating the APTES monolayer with acetic acid and 4-pentynoic acid (7:1) in the presence of HBTU increased the contact angle to 49.4° indicating the success of the coupling reactions. 
Synthesis of 2-(2-(2-azidoethoxy)ethoxy)ethanol (2) [4]
. 
Synthesis of 2-(2-(2-azidoethoxy)ethoxy)acetic acid (3) [4]
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2-(2-(2-Azidoethoxy)ethoxy)ethanol (2.56 g, 14.6 mmol) was dissolved in acetone (100 mL) and the solution was cooled to 0 °C. Freshly prepared 3 M Jones' reagent (14.63 mL) was added dropwise. A green precipitate was immediately formed. The reaction mixture was stirred at RT. The reaction progress was monitored with TLC (CH 2 Cl 2 -MeOH, 9:1, v/v). After 3 hours, excess propan-2-ol (ca. 7 mL) was added to quench the reaction. The mixture was stirred for 15 min, and acetone (100 mL) was added. AFM force spectroscopy experiment 
AFM imaging of Cu-coated substrate for roughness analysis
Cu-coated glass substrates were imaged by Tapping mode in ambient condition. Bruker RTESPA cantilevers were used (nominal spring constant 42 N/m, resonant frequency 300 kHz), and typical topography is shown in Figure S10 . 
